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ABSTRACT 


Acoustic  bottom  reflectivity  measurements  made  from  the  submer¬ 
sible  ALUMINAUT  at  two  sites  in  the  Caribbean  show  unusually 
low  bottom  losses  compared  to  similar  measurements  made  in  the 
past  from  surface  ships.  The  reason  for  these  low  losses  is 
explored  but  no  satisfactory  theory  can  be  postulated.  The 
submersible  technique  is  inherently  superior  to  that  usually 
deployed  from  a  surface  ship  and  removes  many  of  the  variables 
associated  with  a  surface  experiment.  Further  experimentation 
is  required  to  develop  the  technique  and  confirm  the  low  losses. 
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ACOUSTIC  SEA  BED  REFLECTIVITY  FROM  A  SUBMERSIBLE 


INTRODUCTION 

Measurements  of  the  acoustic  reflectivity  of  ocean  floor  sedi¬ 
ments,  have  in  the  past  usually  been  carried  out  from  surface 
ships.  Narrow  band  measurements  using  the  ship’s  echo  sounder 
have  been  the  most  popular,  but  some  wideband  work  using  explosive 
sound  sources  has  been  executed. 

Surface  ship  investigations  both  narrow  and  wideband,  contain 
a  number  of  features  which  can  color  the  results  and  which  cannot 
easily  be  isolated.  In  the  use  of  an  echo  sounder  the  following 
variables  can  affect  the  reflectivity  measurements: 

1.  Quenching;  due  to  ship  movement  causing  aeration  around 
the  hull  and  across  the  face  of  the  transducer,  the 
projector  source  level  and  the  receiver  sensitivity 
can  be  adversely  affected. 

2.  System  geometry;  movement  of  the  ship,  even  in  still 
water  results  in  variable  measurements, 

3.  Insonified  area;  the  area  of  sea  bed  illuminated  varies 
with  the  depth  of  water.  With  the  normal  navigational 
echo  sounder  the  area  illuminated  in  a  depth  of  2  kilo¬ 
meters  is  a  circle  1  kilometer  in  diameter.  Gross 
changes  in  topography  and  sediments  can  be  encountered 
within  the  illuminated  area  with  no  precise  knowledge 
being  available,  on  the  surface,  of  the  controlling 
factor  in  the  acoustic  return. 
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4.  Delineation;  the  definition  of  a  navigational  echo 

sounder  even  with  a  modern  frequency-controlled  display 
is  inadequate  to  delineate  the  microtopography  of  the 
bottom.  No  modern  precision  depth  recorder  can  be  read 
to  an  accuracy  of  better  than  4  meters  in  a  depth  of 
water  of  4000  meters.  A  10  kHz  echo  sounder  with  a 
wavelength  of  15  cmc  cannot  delineate  better  than  30 
cms  and  thus  cannot  be  used  to  judge  roughness  with  the 
degree  of  accuracy  required.  Normal  procedure  is  to 
gauge  the  roughness  from  ancillary  bottom  photography. 

When  using  a  broadband  explosive  signal,  quenching  is  eliminated, 
system  geometry  problems  are  minimized  if  the  depth  of  the  explosive 
is  chosen  with  care  to  eliminate  subsidiary  reflections,  the  insoni- 
fied  area  is  reduced  in  area  but  the  problem  of  delineation  is  as 
difficult  as  the  echo  sounder  case. 

Both  the  narrow  band  and  wide  band  measurements  require  sophis¬ 
ticated  electronic  systems  to  handle  the  very  large  range  of  signals 
between  the  source  and  echo;  at  3650  meters  and  10  kHz  the  water 
column  loss  alone  is  84  db  (1)  for  the  two  way  path. 

In  spite  of  the  foregoing  limitations,  two  very  large  surveys 
have  been  completed  using  the  principles  described.  The  NAVAD0 
project  (2)  of  the  Admiralty  Underwater  Weapons  Establishment,  had 
objectives  of  assessing  the  distribution  of  bottom  reflectivity  on 
a  geographic  basis  together  with  understanding  the  nature  of  the 
reflection  mechanism  and  the  reasons  for  variable  reflectivity. 
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The  Marine  Geophysical  Survey  (3)  (MGS)  of  the  U.S.  Naval  Oceano¬ 
graphic  Office,  had  the  specific  objective  of  assessing  the  likely 
performance  of  bottom-bounce  sonar  on  a  geographical  basis. 

In  the  scientific  study  of  the  reflection  process,  as  distinct 
from  an  operational  survey,  a  great  improvement  in  technique  can 
be  achieved  by  the  use  of  a  deep-diving  submersible  as  a  stable 
measurement  platform  free  from  surface  effects  and  in  a  position 
to  observe  and  measure  directly  the  controllable  area  of  sound 
illumination. 

The  opportunity  arose  to  carry  out  some  reflectivity  measure¬ 
ments  during  a  geophysical  trial  in  the  submersible  ALUMINAUT 
chartered  by  the  Deep  Vehicles  Branch  of  NAVOCEANO.  No  provision 
for  the  measurements  was  made  in  the  original  trial  program  and 
consequently,  reflectivity  was  explored  on  an  ad-hoc  basis  using 
available  facilities. 

REFLECTIVITY  SITES 

An  area  off  the  south  coast  of  Vieques  Island,  Puerto  Rico  had 
been  selected  as  the  location  of  the  main  geophysical  trial.  Within 
this  area  two  sites  were  chosen  for  the  bottom  reflectivity 
measurements  on  the  basis  of  the  most  likely  spots  to  possess 
different  sediment  properties.  Areas  possessing  gross  topographic 
features  were  avoided,  the  two  sites  being  flat  other  than  for  fine- 
scale  roughness. 
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A  fine-scale  bathymetric  survey  of  the  area  had  previously  been 
carried  out  from  the  surface,  but  on  diving  to  the  bottom  in 
ALUMINAUT  the  well  known  errors  associated  with  wide  beam  echo 
sounders  were  only  too  apparent.  The  regularly  spaced  bathymetric 
contours  of  the  chart  indicating  an  island  rise,  were  absent, 
giving  way  to  a  large  comparatively  flat  area  followed  by  almost 
sheer  cliffs  as  observed  from  the  submersible. 

The  first  site  chosen  for  reflectivity  work  was  in  a  depth  of 
1706  meters  over  a  flat  area,  the  second  site  was  in  1189  meters  of 
water  where  the  sediment  thickness  appeared  to  be  thinner  but  the 
amount  of  microtopography  (features  <15  cms  vertical  relief)  was 
greater. 

EQUIPMENT 

A  simple  wideband  explosive  trial  was  conceived  using  equipment 
already  installed  in  ALUMINAUT,  the  only  additional  requirement 
being  that  of  the  explosive  source,  which  was  fulfilled  by  obtaining 
Dupont  Electric  Blasting  Caps  Special  No.  8  from  the  naval  facility 
at  Roosevelt  Roads,  Puerto  Rico.  These  devices  contain  lgm  of 
explosive. 

The  experiment  consisted  of  exploding  the  blasting  caps  at  a 
depth  of  2  meters,  whilst  ALUMINAUT,  hovering  30  meters  above  the 
bottom  recorded  the  level  of  the  sound  on  its  way  down  to  the 
bottom  and  also  after  reflection  on  its  way  back  to  the  surface; 
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the  bottom  loss  at  normal  incidence  is  simply  the  difference 
between  the  two.  By  these  means  the  affects  of  the  water  column 
were  eliminated,  variability  of  the  source  level  was  of  no 
consequence,  system  geometry  was  stable,  the  area  illuminated  was 
small  and  the  electronic  equipment  required  no  more  dynamic  range 
than  that  of  the  bottom  loss. 

A  wideband  transducer  and  pre-amplifier  with  a  42  db  gain 
were  mounted  on  a  boom  clear  of,  but  attached  to  ALUMINAUT, 
whilst  inside  the  boat  the  pre-amplifier  output  was  fed  direct 
to  a  seven  channel  Lockheed  recorder,  one  channel  recording  the 
analogue  explosive  information  whilst  other  channels  contained 
a  CW  calibration  signal  and  voice  editing. 

The  hydrophone  used  was  Atlantic  Research  Model  LC  58  which 
is  omni-directional  and  capable  of  operation  down  to  6100  meters. 

Analysis  consisted  of  playing  the  analogue  tapes  through  1/3 
octave  band  filters  and  recording  the  signals  on  a  high  speed 
ultra  violet  chart  recorder.  The  peak  of  the  direct  and  indirect 
signals  were  obtained  from  the  ultra  violet  paper.  Approximately 
one  hundred  shots  were  recorded  at  the  two  sites. 

PROCEDURE 

Investigations  at  normal  incidence  grazing  angles  only  were 
carried  out  due  to  the  difficulties  of  underwater  positioning  of 
the  submersible.  It  is  a  simple  matter  to  place  the  mother  ship 
directly  over  the  submersible,  but  until  such  time  as  underwater 
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navigation  is  sophisticated  enough  to  allow  the  mothership  to 
leave  her  child,  shallow  grazing  angles  will  not  be  possible  unless 
the  sound  source  is  also  close  to  the  bottom  e.g.  a  second  submer¬ 
sible  to  carry  out  forward  scattering  investigations. 

No  precise  time  measurement  was  available  in  ALUMINAUT  nor  is 
it  feasible  to  pass  time  of  fire  information  over  an  acoustic  link, 
consequently  no  travel  time  measurements  were  possible.  The  shots 
were  exploded  at  intervals  of  roughly  one  minute,  recording  con¬ 
tinuously  in  the  submersible.  At  the  end  of  each  series  of  explo¬ 
sions  the  reflectivity  sites  were  surveyed  visually  and  photo¬ 
graphically  to  observe  the  scale  of  the  topography. 

EXPLOSIVE  CHARACTERISTICS 

No  acoustic  data  of  any  kind  was  available  on  the  Dupont 
Blasting  Cap  Special  Number  8,  at  the  time  of  the  trial.  To 
avoid  interference  from  surface  reflections  the  caps  were  exploded 
just  below  the  surface;  it  subsequently  proved  to  be  a  depth  where 
bubble  pulse  migration  was  possible  but  this  did  not  produce  any 
difficulties  in  the  analysis.  Sample  explosions  were  recorded 
with  ALUMINAUT  at  mid-depth  to  record  the  explosion  characteristic. 
The  migratory  bubble  pulse  occurred  30  milliseconds  after  the  shock 
wave.  Fig.  1  indicates  the  filtered  shot  characteristics,  while 
Fig.  2  shows  the  characteristics  of  the  individual  components  of 
the  wideband  signal. 
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RESULTS 


Analysis  of  the  acoustic  results  is  shown  in  Table  X  and  the 
histograms  of  Figs.  3  and  4. 


TABLE  I 

SITE  1 


Band 

Number  of 
Measurements 

Mean 

Bottom  Loss 

Standard 

Deviation 

250  Hz 

48 

3.09  db 

2.37 

500  Hz 

52 

0.80  db 

2.80 

1000  Hz 

53 

2.93  db 

2.69 

2  kHz 

53 

3.68  db 

2.28 

4  kHz 

52 

1.93  db 

2.26 

8  kHz 

53 

3.25  db 

2.28 

Broadband 

53 

2.22  db 

1.21 

SITE  2 

250  Hz 

32 

2.19  db 

2.21 

500  Hz 

31 

0.79  db 

3.23 

1000  Hz 

32 

2.66  db 

2.83 

2  kHz 

32 

0.84  db 

2.58 

4  kHz 

32 

+0.33  db 

2.18 

8  kHz 

28 

1.14  db 

2.12 

Broadband 

31 

0.68  db 

1.40 

Bottom  photographs  of  Site  1  at  position  Lat.  18°00.95TN, 
Long.  65°38.45fW  and  of  Site  2  at  position  Lat.  18°01.33TN>  Long 
65°38.15fW,  are  shown  in  Figures  5  and  6  respectively.  Visual 
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observation  of  both  sites  indicates  a  calcareous  ooze,  Site  1  being 
overlaid  with  an  organic  fuzz.  Site  1  microtopography  was  smooth 
within  undulations  of  2  1/2  cms  with  an  occasional  animal  working 
not  exceeding  15  cms  in  height  or  depression.  Site  2  showed 
more  animal  working  with  a  generally  greater  amount  of  microtopo- 
graphical  relief  although  the  amplitudes  were  not  greater  than 
Site  1. 

Core  analysis  of  a  sample  taken  in  the  vicinity  of  Site  1  is 
shown  in  Fig.  7  where  confirmation  of  the  calcareous  content  is 
obtained.  The  upper  six  centimeters  of  the  core  may  be  described 
as  clayey-silt  followed  by  silty-sand  from  six  to  ten  centimeter 
depth. 

DISCUSSION 

The  most  striking  feature  of  the  results  obtained  is  the  low 
value  of  measured  bottom  reflectivity  and  its  virtual  independence 
of  frequency.  In  seeking  an  explanation  for  this,  consideration 
was  given  to  the  following.  Water  column  anomalies  were  ruled  out 
due  to  the  virtual  absence  of  any  water  path  in  the  experiment. 
Source  level  considerations  were  excluded  due  to  the  measurement 
of  direct  and  reflected  energies.  Equipment  limitations  may  be 
excluded  by  reason  of  the  low  dynamic  range  required,  the  absence 
of  any  indication  of  overloading  on  the  records  and  the  normal 
distribution  of  the  histograms  of  bottom  loss.  Interference  from 
sub-bottom  layers  may  also  be  ruled  out  as  the  shot-to-shot  echoes 
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showed  no  evidence  of  sub-bottom  layers;  supporting  this,  the  corer 
penetrated  to  a  depth  of  79  cms.  Additionally,  the  possible  effect 
of  reflections  from  ALUMINAUT  was  investigated,  the  system  geometry 
was  analyzed  for  phase  cancellations  or  summations ,  but  no  satisfactory 
explanation  for  this  low  value  of  bottom  reflectivity  and  indivi¬ 
dual  positive  measurements  could  be  found.  Possible  focussing  of 
the  sound  was  also  investigated  but  no  evidence  of  this  happening 
was  found.  The  terrain  was  virtually  flat  and  examination  of 
stereoscopic  pairs  of  photographs  revealed  nothing  but  random 
distribution  of  the  sides  of  small  undulations  which  conceivably 
could  form  facets  of  a  reflector. 

From  consideration  of  the  ratio  of  the  specific  acoustic 
impedances  of  the  water  and  the  sediment,  the  bottom  loss  should 
be  of  the  order  of  14  db.  This  value  was  calculated  from  bottom 
observed  water  temperature  of  3.89°C  and  a  salinity  of  34.97°/00; 
sediment  properties  were  assumed  for  a  clayey-silt  of  density  1.50 
gm/cc  and  a  velocity  of  1535  m/sec.  Even  a  bottom  of  near  100% 
porosity,  such  as  that  of  fine  clay  will  produce  a  bottom  loss  of 
6  db.  The  difference  between  the  calculated  value  and  the  observed 
value  of  bottom  loss  cannot  be  reconciled. 

The  procedure  for  calculating  the  bottom  loss  took  the  echo 
maximum  peak  excursion  within  the  first  10  msecs.  Equipment 
was  not  readily  available  for  comparing  the  energy  levels.  Measure¬ 
ments  of  bottom  loss  made  from  the  surface  include  the  water  column 
loss  which  is  composed  of  spherical  spreading  and  absorption.  The 
latter  is  usually  calculated  from  O.Olf^  db  per  kiloyard;  this 


empirical  formula  has  been  derived  from  surface  measurements  in  the 
horizontal  plane  and  may  well  be  false  under  conditions  of  high 
pressure. 

The  two  sites  although  both  very  good  reflectors,  do  show 
different  acoustic  properties.  Site  1  is  the  smoother  site,  has 
an  apparent  thicker  sediment  covering  but  was  also  covered  with  the 
organic  fuzz:  the  broadband  bottom  loss  was  -2.22  db.  Site  2  was 
void  of  organic  fuzz,  had  an  apparent  thinner  sediment  cover  and 
was  slightly  rougher;  the  broadband  bottom  loss  was  -0.68  db.  It 
is  evident  that  bottom  roughness  is  not  the  controlling  factor  in 
the  acoustic  return  at  either  site,  and  assuming  the  sediment 
density  and  porosity  are  the  same  at  both  sites,  the  organic  fuzz 
may  be  responsible  for  the  higher  bottom  loss  at  Site  1. 

CONCLUSIONS 

1.  Measurement  of  acoustic  bottom  loss  at  two  sites  from  a  sub¬ 
mersible  has  produced  results  which  are  lower  than  those  normally 
obtained  by  surface  measurements. 

2.  Exhaustive  analysis  has  shown  that  these  results  are  factual 
and  that  individual  measurements  show  no  loss  of  energy  on  reflec¬ 
tion. 

3.  The  standard  deviation  of  the  grouped  results  is  not  as  low  as 
was  expected;  elimination  of  many  of  the  variables  associated  with 
a  surface  orientated  experiment  could  reasonably  have  been  expected 
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to  produce  lower  values,  it  would  appear  therefore,  that  the  sedi 
ment  properties  themselves  are  responsible  for  the  variations. 

4.  Further  work  of  this  nature  is  required  to  establish  the 
mechanism  of  the  low  bottom  loss  experienced.  Midwater  experi¬ 
ments  for  instance  should  be  performed. 
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